In the transmission process of 1090ES ADS-B signal, it is easy to see the relationship between signal overlap and signal interference. The signal noise under interference easily causes the error of ADS-B signal decoding. In this paper, a 1090ES ADS-B signal separation algorithm based on PCA and FastICA is designed to achieve the separation of ADS-B signals and the separation of overlapped signals. Through simulation and verification, the 1090ES ADS-B signal separation algorithm based on PCA and ICA can realize the denoising and separation of ADS-B signal and reduce the computation and speed of separation. The signal reduction degree after separation is relatively high. 
Introduce
The 1090ES ADS-B (Automatic Dependent Surveillance-Broadcast) data link is an aircraft comprehensive communications and surveillance technology. It is an ICAO-approved data link that can transmit flight status information such as aircraft position information, speed, altitude, etc [1] . It has a wider coverage, a lower signal to noise ratio, and a smaller power difference between signals, making it easier to achieve global air surveillance. However, Langejan [7] pointed out in his research that ADS-B also increases signal interference in the process of increasing transmission range. Therefore, degradation of ADS-B signal interference should be considered in future studies. Petrochilos [3] has applied a new algorithm, named projection algorithm (PA), whose idea is to convert a single problem into a multi-channel problem to solve. Later Liu Kai [9] used an iterative projection algorithm (IPA) to solve this problem, and proposed that the separation algorithm should adapt to high-order overlapping. Piracci [10] et al. designed the ADS-B receiver with signal recognition function to detect and solve the problem of signal overlap, but the receiver's built-in algorithm is quite complex. Leonardi [8] et al. proposed a "low-level" method for signal separation in an ADS-B receiver, however, this method does not solve the problem of signal interference well. In addition, Gong [4] used the extended projection algorithm (EPA) and Principal Component Analysis (PCA) algorithm to separate the ADS-B signal, but applying the EPA algorithm requires preprocessing mixed signals in advance and then separating them one by one. Compared to other algorithms, the independent component analysis (ICA) method has low computational complexity and requires less hardware for the device. The algorithm can separate independent signals from the unknown mixed signal, which is suitable for the original signal separation [12] . In this process, there is no need to calculate the higher-order statistics of the signal and has second-order convergence [13] . The PCA method was proposed by Hotelling [5] in 1933. It can effectively eliminate noise and calculate dimensions. Zhen [2] once applied the PCI-ICA method to the separation of noise signals from microphones in industrial environments and achieved good results. Therefore, after comparing the previous ADS-B signal processing method and PCI-ICA application field, this paper proposes an optimized ADS-B signal separation algorithm based on PCA and ICA algorithms.
ADS-B signal model
The 1090ES ADS-B uses Pulse Position Modulation (PPM) coding as shown in Figure 1 [11] . The ADS-B message is composed of 4 identification pulses and 56-bit or 112-bit data blocks.
Each bit in the data block takes 1 and uses rising or falling pulses to represent "0" or "1". The first 8 of the ADS-B message pulse is the header signal, and 4 of these are 0.5 high-level signals. Figure 3 shows the overlap of the two ADS-B signals. The signal in the figure cannot be used to determine the signal identification pulse and data block pulse signal. Figure 4 shows the superposition of the ADS-B signal and the noise signal. Although the signal of the superimposed signal and the pulse of the ADS-B source signal are close to each other, the preamble identification pulse cannot provide a power reference for the subsequent decoding. 
Where ij a is the element of the mixed matrix A , variable i and variable j are integers. There is a noise signal in the actual ADS-B observation signal. If the signal interference () nt in the propagation process is taken into consideration, the observation signal received by the ADS-B base station can be expressed as formula (2):
Or express the observation signal () i xt of the ith ADS-B as formula (3):
Algorithm Description
The signal separation of ADS-B is divided into two processes: dimensionality reduction and separation. The flow chart is shown in Figure 5 . The main process is to separate the data of an independent m-dimensional ADS-B observation signal through PCA algorithm to obtain the dimensionality reduction of the data, and obtain a k-dimensional data vector containing only the characteristic signal. The reduced-dimensional k-dimension signal is used as the input quantity. The FastICA algorithm is used to perform ADS-B signal separation again. The separation matrix is calculated and the ADS-B source signal is separated.
PCA algorithm
The 1090ES ADS-B signal separation algorithm based on PCA and ICA needs to calculate the separation matrix W and separate the source signal () St of ADS-B from the observation signal () Xt of ADS-B through the matrix variable W . This paper uses the PCA algorithm to reduce the dimension of ADS-B signal. Principal component analysis (PCA) is a technique for analyzing data. It simplifies ADS-B source signal data, removes noise and redundancy in ADS-B signals, and reduces the dimensions of the original complex data so that the signal variables after dimensionality reduction represent the original variable's information as much as possible; in addition, they are independent of each other.
To use the PCA algorithm for the ADS-B observation signal, we first need to obtain the observation data matrix of the m-dimensional ADS-B base station, as shown in the following formula (4) 
The correlation coefficient matrix of the ADS-B observation data is calculated, such as formula (6) Where the correlation coefficient of data after standardized processing is defined as formula (7) 
ICA Algorithm
Independent Component Analysis (ICA) is a very effective data analysis tool proposed in recent years. It is mainly used to extract original independent signals from mixed data.
In order to ensure that the ICA model is solvable, the following assumptions and restrictions need to be made [6] :
• The source signal has statistical independence • The input source signal conforms to a non-Gaussian distribution • The unknown mixed matrix is full rank, i.e. the number of independent components is equal to the number of observed mixed signals
In the existing ICA algorithm, the fixed-point algorithm (FastICA) is widely used in the signal processing field because of its fast convergence speed and good separation effect. The algorithm is based on the fixed-point recursive algorithm. It is a fast optimization iterative algorithm, making the convergence faster and more robust.
In FastICA algorithm, the ADS-B observation signal X after PCA dimensionality reduction needs to be centralized so that its mean value is 0; Then, the processed ADS-B observation signal data is whitened, XZ  ; Select the number of components m to be estimated, and set the number of initialization iterations 1 p  ; Select an initial weight vector (random) p W , and let 
Simulation and Analysis
In order to verify the feasibility of PCA and FastICA in ADS-B signal separation, the separation of three overlapping ADS-B signals and the ADS-B signals under the noise signal are verified. In the simulation experiment, ADS-B signal sampling is 10Mhz, and the sampling data is 500 samples. The signal received by each ADS-B base station is a random superposition of ADS-B signals, respectively.
Triple Signal Separation Algorithm
In the triple signal separation simulation, Figure 6 shows the ADS-B source signals, which is pulse modulation encoded. Each bit has 10 sampling signals, including 8us header signals and 42us message signals, and the message bits are randomly generated. The ADS-B source signal is superimposed by a 5×3 random matrix as five-channel observation signals, which is simulated as a base station of five-channel observation signals, as shown in Figure 7 . There are problems in the 5-channel observation signals that signals cannot be directly decoded. If the signals are directly separated, the computing resources will be wasted. Therefore, the dimensionality reduction of the signal is first performed by the PCA, and the characteristic signal of the signal is extracted, as shown in Figure 8 . The signals after dimension reduction contain only three signals of the characteristic signal, which satisfies the signal separation requirements of the analog source signal. For signals after dimension reduction, FastICA is used to separate the ADS-B signal. The separated signals are shown in Figure 9 , and the decoded signal is basically the same as the simulated 3-channel ADS-B signal. Figure 10 shows the principal component contribution rate of the ADS-B signal in the PCA algorithm. 
ADS-B signal separation with noisy signal
The above verifies the feasibility of PCA and FastICA in ADS-B signal, and will subsequently verify the separation of the ADS-B signal under the noise signal. The random noise and impulse noise that may affect the ADS-B signal are added to the ADS-B source signal, as shown in Figure 11 . The first and the second figure in Figure 11 are ADS-B signals added random noise, and the third figure in Figure 11 is added the interference pulse signal and other random noise signals. Such a superimposed source signal will have a great impact on decoding of the ADS-B signal. In this paper, the random matrix is still used to randomly superimpose three-channel signals into five-channel signals as observation signals of ADS-B base station, as shown in Figure 12 . PCA is used to extract characteristic signals of the 5-channel signal, the amount of calculation is reduced, and the effect of signal dimension reduction is shown in Figure 13 . The extracted characteristic signal is 3-channel, which satisfies the signal processing requirements. The FastICA algorithm is used to separate the ADS-B signal after dimension reduction, as shown in Figure 14 . 
Analysis of simulation results
From the simulation results, the algorithm based on PCA and FastICA can meet the signal dimension reduction and signal separation processing. In triple signal separation simulation experiment, the extracted dimension of the main component of the signals and the separation of the signals can satisfy the signal processing requirements of ADS-B. The use of the PCA algorithm reduces the computation of the multi-dimensional ADS-B observation signals and improves the ADS-B signal processing speed. After adding random noise and interference signal, PCA algorithm is used to effectively filter out some of the interference noise, which makes the signal level stability has improved. The use of FastICA can effectively separate the ADS-B signals and also separate out the interference source pulse signal.
Conclusions
The 1090ES ADS-B signal separation algorithm based on PCA and FastICA reduces the computational complexity of the signal processing and improves the speed of ADS-B signal separation, making the ADS-B signal under signal overlapping and signal interference still effectively solve the problem of ADS-B signal decoding. Compared with the traditional 
